Background: Grieving individuals demonstrate attentional bias towards reminders of the deceased vs. neutral stimuli. We sought to assess bias towards reminders of the deceased vs. a living-attachment figure and to evaluate similarities and differences in the neural correlates of deceased and living-related attention. We also sought to identify grief process variables associated with deceased-related attentional bias.
Introduction
During the first year following the loss of a loved one, reminders of the deceased occupy attention and provoke thinking about the loss (1) . This salience has been operationalized as attentional bias, the unintentional and disproportionate allocation of attention to reminders of the deceased vs. neutral stimuli, and related to the pathological grief response known as complicated grief (CG) (2) (3) (4) (5) .
It remains unclear if attentional bias to reminders of the deceased vs. neutral stimuli reflects a bias to the deceased specifically or a more general process of emotional attachment seeking. Close attachment relationships evoke attention regardless of whether they are living or deceased (6, 7) . Attentional biasing towards attachment-reminders may also reflect attention towards the predominant emotions related to that attachment (8) such as sadness in the case of grieving. We therefore sought to demonstrate a bias to reminders of the deceased as compared to a living attachment and to demonstrate the independence of this bias from sadness evoked by reminders of the deceased and living attachments.
Prior studies have correlated attentional bias to CG (3, 5) . However, CG is an amalgam of cognitive, emotional and functional processes related to grieving (9) . Intrusive thinking, nonacceptance, yearning and emotional pain are all core components of CG (10) . People who don't accept the loss, who lack control over the contents of their mind or are overcome with pain or yearning may all demonstrate greater bias to the deceased. It is unknown which, if any, of these components demonstrates a specific relationship with attentional bias. For this reason, we tested the role of all four grief process variables, as well as CG, in attentional bias.
We next sought to determine the degree of similarity or difference in the processes underlying attention to the deceased and to a living attachment. Freud's grief-work hypothesis states that the bereaved must sever their connections with the deceased during grieving in a process of decathexis that is unique to loss and grieving (11) . By contrast, the attachment theory of grieving suggests that the bereaved reform and restructure their relationship with the M A N U S C R I P T Schneck 4 deceased so that it may continue to exist in the post-death reality (12) (13) (14) (15) (16) (17) . Accordingly, a relationship with the deceased may be maintained in much the same way that a relationship with a living attachment exists (15) . This latter perspective would imply greater similarity between attention to the deceased and attention to living attachments.
A C C E P T E D ACCEPTED MANUSCRIPT
Prior fMRI studies have shown increased rostral anterior cingulate and orbital frontal cortex engagement in deceased vs. neutral attention in bereaved vs. non-bereaved subjects as well as altered frontal-limbic connectivity related to intrusive thinking in grieving (2, 4) . These findings suggest unique neural substrates for deceased-related attention. However, the comparison of neural activity across deceased and neutral conditions may correspond to processing emotional attachments in general. It remains unclear if the bereaved would process living and deceased attachments in a similar or different way. Therefore, we used functional magnetic resonance imaging (fMRI) to evaluate common or separate neural circuitry underlying deceased vs. living-related attention. The continuing bonds, as compared to decathexis, model has gained significantly greater research greater support (12) (13) (14) (15) (16) (17) . We therefore expected to find greater similarity rather than difference in neural correlates of living and deceased-related attention.
We administered an emotional (8) and cognitive (18) Stroop task during fMRI to grieving subjects. The emotional conditions comprised deceased-related words and living-related words.
The emotional Stroop task measures attentional bias to reminders of the deceased because it pits task instructions (i.e. respond as fast as possible) against the tendency to focus on reminders of the deceased or living attachment, which would slow reaction time. It is therefore more likely to tap into control impairments characteristic of CG. The cognitive Stroop allows for the comparison between neural activity associated with attachment-related attention in the deceased and living-related conditions and general selective attention.
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Methods
Subjects
We recruited 25 people bereaved of a first-degree relative or partner within the past 3 to 14-months. Subjects were between 18 and 65 years old, had normal color vision and spoke English as a first language. Subjects were recruited as part of a broader study of suicide bereavement. Recruitment was done through social media websites and contacting people listed as relatives in obituaries. 19 of these 25 were bereaved of a loss by suicide while the others were bereaved of a non-suicide death. While time since loss ranged from 3-14 months there were no subjects who were interviewed or scanned during the 12th month. This was done to avoid anniversary reactions.
All subjects were medically healthy as determined by medical history, examination and standard blood and urine tests. Exclusion criteria were manic episode within the past year, current substance use disorder (i.e. met criteria within past six months), current obsessivecompulsive disorder, lifetime schizophrenia or schizoaffective disorder assessed with the Structured Clinical Interview for DSM-IV Axis I (SCID I) (19) . Psychiatric medication use was required to stable for two weeks prior to scanning. The New York State Psychiatric Institute IRB approved this study and all subjects gave written informed consent.
Procedure
Subjects underwent a pre-scan interview, an MRI scan and then a post-scan interview.
Both interviews always occurred within one week of the scan. During the pre-scan interview subjects presented a living person with whom they have a similar relationship as they did with the deceased. Subjects provided 15 deceased and 15 living-related words. Word valence was rated as: 1= very sad, 2=sad 3=neutral, 4=happy and 5=very happy. To produce a sadness rating, emotion ratings were recoded as follows: 4,5=0; 3=1; 2=2 and 1=3. During the post scan interview subjects completed all structured interviews and questionnaires. 
Stroop Task
During the scan, subjects completed four runs of a cognitive and emotional Stroop task.
Each run consisted of four blocks of words: deceased, living, congruent and incongruent. The design for the Stroop task is presented in Figure 1 . In all blocks, subjects were presented with words and instructed to identify the color of the word font as fast as possible using a right-hand held button box. Training was conducted until subjects reached 100% accuracy and speed of color-button pressing dropped under one second for ten consecutive practice trials. All 15 words were presented for 1.5 seconds and followed by a randomly jittered fixation cross averaging two M A N U S C R I P T
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seconds. A ten-second fixation cross was presented in between each block. Word presentation and color pairings were randomized within a block and block order was permuted across runs.
Imaging
Blood-oxygen-level dependent (BOLD) images were acquired on a GE 3-T scanner parallel to the anterior commissure-posterior commissure (AC-PC) line with a T2*-weighted EPI sequence of 45 contiguous slices (TR=2000ms, TE=25ms, flip angle = 77, FoV=192 x 192mm,) of 3mm thickness and 3x3 in-plane resolution. Structural images were acquired with a T1-weighted SPGR sequence recording 256 slices at a slice thickness of 1mm and in-plane resolution of 1x1mm.
Preprocessing
Preprocessing included slice time correction, motion correction, 120-second high-pass filter, bias field correction, skull stripping and smoothing with a Gaussian kernel of 6mm FWHM.
Functional images were registered to structural images with 7-degrees of freedom and then structural images were warped to the standard MNI space using a 12-degree affine registration implemented in FLIRT (27). 7 degrees of freedom for the initial warp provided better registration than 6-degrees. Originally a nonlinear warp was also applied in FNIRT(28). However, visual inspection revealed that this registration failed for one subject and thus the linear registration was used.
Attentional Bias
Reaction time (RT) data was analyzed using SPSS (IBM Corp. To identify an attentional bias to deceased relative to living-related words we entered condition type (i.e. deceased-related, living-related) as a fixed effect predicting RT. This 
Attentional Bias and Grief Processing
We sought to evaluate the respective relationships between attentional bias and grief process variables of: emotional pain (TRIG-EP), non-acceptance (TRIG-NA), yearning (1-10 rating) and intrusive thinking (IES-I) as well as general CG severity. For each variable a separate mixed effects model was calculated to test the interaction of condition type (deceased, living) and the grief process variable on RT. Significance threshold was set to p<0.01 to Bonferroni correct for five analyses.
Neural Circuitry of Attentional Bias
Blood oxygen level dependent (BOLD) signal was analyzed using FSL (29). We were primarily interested in determining whether separate or similar neural systems exist for deceased and living-related attention. To do this we first sought to identify neural signal corresponding to deceased and living-related attention independently. Simply identifying activity associated with deceased and living-related trials might yield clusters involved in reading the words but not necessarily attending to them. We therefore modeled the length of the presentation of each word at each trial (i.e. 1.5s) to account for activation relating to reading and We next sought to determine the degree of similarity in neural processing of deceased and living-related attention. A lack of difference between two conditions or simply calculating M A N U S C R I P T
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the summed average of two conditions does not indicate significant overlap in neural activity underlying both conditions (30). Significance of activation across two conditions can be determined with a conjunction analysis (30), which identifies voxels associated with condition A AND B as compared to the variability A and B. We therefore assessed the conjunction of voxels whose BOLD activity correlated with RT across both living and deceased-related trials.
However, there are two confounds inherent to the approach described above. 1) Both equations for deceased and living-related attention identify activity based on RT. Without comparing to another RT based contrast we would simply identify neural activity associated with pushing buttons. 2) Both of these contrasts identify activity associated with either deceased or living-related attention. However, it is likely that such attentional activity also incorporates general selective attention that is not specific to attachment processing.
To account for button pressing we controlled for BOLD correlation with RT to deceased 
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Separate two-sided mixed effects analyses were implemented in FSL's FLAME (29) to identify voxel clusters significantly associated with RT for deceased and living-related trials (voxel-p<0.001, cluster-p <0.05). To compare activity between deceased and living-related attention the contrasts described above were compared with a within subjects t-test implemented in FSL (voxel-p<0.001, cluster-p <0.05, corrected). To identify common activity in these networks we employed a conjunction analysis (30) (voxel-p<0.001, cluster-p <0.05, corrected). Regional localizations were identified using the Harvard-Oxford Cortical and Subcortical atlases (31) applied to the Montreal Neurological Institute 152 standard brain template, Brodmann areas were identified using the Talairach Atlas(32).
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Results Table 1 describes the demographic and clinical characteristics of the sample. On average the sample contained a considerable degree of grief intensity with a wide range across levels of severity (average ICG=27.04, Range=49). Post-hoc analyses confirmed that deceased and living-related lists did not have significant differences in word length, part of speech or language frequency (Supplemental Information, Supplemental Table 1 ).
Attentional Bias
Errors were more common on deceased vs. 
Grief Process Variables
Emotional pain, non-acceptance, yearning, intrusion and ICG scores were all correlated with each other (Supplemental Table S3 ). Despite this correlation structure only intrusive thinking and ICG scores displayed an interaction effect with condition (living, deceased) on RT after correcting for multiple comparisons ( Figure 2 , Table 3 ). Subjects with more intrusive thinking and higher CG severity displayed significantly greater attentional bias to deceased vs.
living-related words ( Figure 2 ). Intrusive thinking was positively correlated with RT to deceasedrelated trials and less so to living-related trials (Table 3) . Emotional pain, non-acceptance and yearning did not significantly interact with condition (living, deceased) as predictors of RT (Table   3) . No grief process variables exhibited a main effect on RT across conditions. Intrusive thinking did not moderate the relationship between incongruent vs. congruent condition type and RT (B=0.001, t 2755 =0.31, p=0.76, 95% CI=-0.01-0.01), demonstrating the specificity of this finding to deceased-related attention.
Neural Circuitry of Deceased and Living-Related Attention
Activity in lateral occipital cortex, fusiform gyrus and temporal parietal junction correlated with RT to reminders of the deceased. Activity in similar clusters as well as a range of limbic and frontal regions correlated with RT to reminders of the living (Supplemental Figure S1 , Tables S4 and S5 ). However, direct comparison of neural correlates of deceased vs. livingrelated RT revealed no significant differences. This lack of difference persisted when using a more lenient threshold as well (voxel-p<0.05 and cluster-p<0.1).
A conjunction analysis identified common regions of activation across deceased and living-related conditions. This analysis identified activity in lateral occipital lobe, right temporal parietal junction (rTPJ), occipital and temporal fusiform gyrii and posterior cingulate associated M A N U S C R I P T
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with both deceased and living-related attention ( Figure 3A , Table 4 , for full list of regions). All of the above analyses controlled for button pressing (BOLD X Congruent RT) as well as general selective attention (Incongruent BOLD > Congruent BOLD) as described above.
To determine the potential role of these regions in attachment processing we tested the correlation between insecure-avoidant attachment style and average activity in the conjoint network of regions associated with living and deceased related attention during deceasedrelated trials. Subjects with a more secure rather than avoidant attachment style displayed significantly greater activation of the deceased and living-related neural circuitry during deceased-related trials (r=-0.51, p=0.03, Figure 3B ).
We tested the correlation between time since loss and engagement of the conjoint deceased and living-related attention network during deceased related trials. According to the decathexis theory, engagement of the conjoint network should decrease over time as living and deceased-related processing become less similar. According to the continuing bonds model, engagement of the conjoint network should maintain over time as the deceased continues to be processed in a similar way to a living attachment. Our findings were consistent with the latter theory showing no correlation between conjoint activity during deceased-related trials and time since loss (r=-0.14, p=0.49).
General Selective Attention
A number of clusters in frontal regions showed greater activity during incongruent vs.
congruent trials: left inferior frontal gyrus (BA 9), middle frontal gyrus (BA 6), bilateral superior frontal gyrus (BA 6) and frontal pole (BA 10) (Supplemental Figure S2 , Supplemental Table S6 ).
There were no regions that displayed greater activity for congruent vs. incongruent blocks. 
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We also sought to determine whether deceased and living-related attention represent unique or similar processes. In prior studies, rostral anterior cingulate engagement and prefrontal-amygdala connectivity in deceased vs. neutral attention differentiated bereaved and non-bereaved participants and correlated with intrusions respectively (2, 4). Our findings diverge, showing greater similarity rather than difference in neural processing of deceased vs.
living-related attention. The contrast between attention to deceased-related and neutral stimuli invoked in prior work may therefore display shifts in general emotional and attachment processes occurring in grieving rather than a deceased specific neural substrate. However, differences between our findings and prior studies may also reflect differences in the samples (suicide bereaved, 3 to 14-months post-loss), tasks (i.e. counting Stroop, color-Stroop) and analyses (event or block design, cluster forming thresholds).
Our fMRI neuroanatomical data revealed significant conjoined rather than differential activity associated with attention to deceased and living-related stimuli. This activity was located in: lateral occipital cortex and the fusiform gyrii, part of the face or person processing networks (35); right temporal parietal junction (rTPJ), which has been linked to theory of mind(36); and posterior cingulate a part of the default mode network (37). Notably these neural findings were unique from a set of regions associated in this study and in others with general selective attention (38).The similarity between neural correlates of deceased and living-related attention suggests that to some extent the bereaved attend to the deceased the same way that they attend to a living attachment. This is consistent with the continuing bonds theory of grieving which suggests a continued evolving relationship between the bereaved and the deceased (12) (13) (14) (15) (16) (17) .
People with insecure-avoidant attachment styles, who invest less emotional connection in their relationships, showed reduced neural activity in the conjoined deceased and livingrelated attention network. The neural activity identified in this study may correspond to the emotional connection between the bereaved and their living and deceased attachments.
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Nevertheless, the correlation between neural activity and attachment style may also reflect separate processes (i.e. memory) engaged more or less by insecurely attached people. Future studies should incorporate a non-attachment other person condition to more definitively identify the role of attachment processing in deceased-related attention.
Limitations
Future studies with larger sample sizes could better parse the effect of suicide bereavement vs. general grieving on attentional bias. Similarly, this sample had a limited number of males and could not assess the role of gender. Furthermore, the lack of association between emotional pain and yearning and attentional bias may also reflect limited power due to a smaller sample size. We interpret attentional bias as deriving from non-emotional sources, having controlled for pain, sadness and yearning. However, we did not measure anger, resentment or bitterness, which may also contribute to bias.
Future Work
Future work can test the causal role of attentional bias to the deceased on grief outcomes. Specifically computerized attentional bias interventions can be implemented to foster greater control over thoughts of loss. Future studies can also directly measure memories of the death to determine if they play a role in attentional bias and grief resolution. Finally, incorporation of a non-attachment control figure would better delineate the degree that attachment processing contributes to underlying deceased and living-related attention.
Conclusions
We demonstrated an attentional bias to the deceased vs. a living attachment figure that was associated with greater intrusive thinking and general CG severity, but not emotional components of grief such as sadness, pain and yearning. These findings suggest that memories of the death itself may drive bias to the deceased vs. a living figure. Despite the presence of a bias to deceased vs. a living figure, neural findings indicated similarity in the underlying processes subserving deceased and living-related attention. Taken together, these findings M A N U S C R I P T
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suggest that one of the tasks of grieving is to employ control over deceased-related thoughts and to maintain a continuing bond with the deceased similar to that which exists with a living attachment.
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Financial Disclosures ICG= Inventory for Complicated Grief, CES-D= Center for Epidemiological Studies Depression, BDI=Beck Depression Inventory. Household income was coded with five interval levels of >$70,000, $60-$69,000, $50-$59,000, $40,000-$49,000, and $30-$39,000. Psychiatric medication use was coded as a binary variable corresponding to whether or not a subject was currently using a psychiatric medication.
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Schneck 24 Initial models tested the effect of deceased vs. living condition and incongruent vs. congruent condition on log transformed response times (log-RT). An additional model assessed the effect of deceased vs. living condition on log-RT while accounting for covariates. All models included random effects for subject and fixed effects for run, and trial number. ICG=Inventory for Complicated Grief, Medication=Bindyr score coding psychiatric medication use, CES-D= Center for Epidemiological Studies Depression, BDI=Beck Depression Inventory. MDE=major depressive episode. 
Attentional Bias to Reminders of the Deceased as Compared to a Living Attachment in Grieving
Supplemental Information
Characteristics of Deceased and Living-Related Word Lists
To maximize the degree to which Stroop words reminded subjects of their loved ones we did not impose restrictions on the types of words that could be selected. Post-hoc testing ensured that there were no differences in word length, language frequency and parts of speech across lists.
Language frequency was identified using the SUBTLEX-US word list, which identifies the frequency of 74,287 English words in a corpus comprising 51 million words (1). Analysis of word frequency is limited to the 287 and 289 out of 375 deceased and living words respectively that appeared on the SUBTLEX-US list. As expected, there were no differences in word characteristics across both lists (Supplemental Table S1 ). M A N U S C R I P T 
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